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Density of the fleece is one of the primary factors determining the 
wool-producing capacity of the sheep. Shee'pmen have attempted to 
evaluate density by handling the fleece. This method is not sufficiently 
refined for use in experimental work, and may be subj ect to e'rrors and 
misinterpretations. For example, if two fle'eces are alike in density 
and diameter of fibers, yet differ in length, the longer fleece will feel 
less dense. If, on this basis, the she'ep with the fleece that appeared 
most dense were selected for breeding, selection would be away from 
the longer fleece. Any method that can be' used to measure accurately 
the density of the fleece will be very useful in inheritance and wool 
production studies. 
The various methods which have been proposed for use in measur-
ing density are described briefly in this bulletin, and results of studies 
are presented showing the accuracy with which two methods can be 
used. 
Burns (5) states that "the' ultimate use of fleece density is in 
measuring the amount of clean wool that a sheep will produce." He 
also mentions that there are several methods used in expressing density 
but that the following have proved the most successful: (1) the num-
ber of fibers per unit area of skin, (2) the weight of clean wool per 
unit area of skin, and (8) the ratio of fiber cross sectional area to the 
area of skin sampled. 
Bosman (2) states that : "Workers are agreed that the expression 
of fleece density is based on the number of fibers growing per unit area 
of skin. Some use this factor only. Others suggest that the number of 
fibers per unit are'a should be associated with fiber fineness. Whichever 
system of expression is used, the number of fibers growing per unit 
area is the basis, and its estimation is necessary in fleece analysis." 
Density, as referre'd to in this bulletin, will be interpreted as the 
number of fibers per unit area of skin surface. 
Clean wool production of individual sheep is determined by three 
factors other than total body area covered by wool: 
1. The length of the wool fibers. 
2. The diameter of the wool fibers. 
8. The density of the fibers over the body. 
1 Research assistant professor, research professor, and research assistants in animal 
husbandry, respectively. 
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Material presented by Bell, Spencer, and Hardy (1) indicates 
that these' characteristics may be inherited as separate units. In 
progeny testing and inheritance studies it would be necessary to meas-
ure each of these three characteristics to obtain fundamental informa-
tion for fl eece analysis. 
Suitable' t echniques for the measurement of length of fiber have 
been described by Burns (4). R ecent publications by Hardy and Wolf 
(11) and Phillips, Schott, Hardy and Wolf (15) have shown that the 
observation of micro-projections of cross sections of wool fiber pro-
vides an accurate and fairly rapid means of determining fiber diameter. 
At the present time, one of the more pressing problems of wool re-
search is to increase the accuracy of sampling and me'asuring the 
density of wool fibers as produced on the sheep. 
The fact that fleece density det erminations attracted the attention 
of the e'arly wool students is attested by Burns (4) (5) and Burns and 
Miller ( 6). These men review the history of det ermination of density 
methods, a few of which will be described. 
N authusius (13) was among the first to make a study of fleece 
density . H e took sections of skin, parallel to the surface, mounted 
them, and counted the fiber follicles with the aid of the microscope. 
H e felt it was both a difficult and t edious problem and regarded his 
results as not too accurate because of the difficulties of focusing his 
microscope on the' sections. 
Mentzel (12) was probably the first to describe an instrument 
for determining fleece density . H e described a modified caliper which 
was thrust into the fl eece' and an index of fleece density was determined 
without r emoving any wool. This instrument was so designed that it 
could be pushed into the fleece by means of a collar, which was moved 
by a screw. The fiber s were compressed between the jaws of the 
caliper into a compact mass. The sum of the cross sectional areas of 
the fibers could then be read on the graduated jaws of the caliper.' 
It had the obvious disadvantage that it was impossible to avoid meas-
uring the indefinite amount of space between fibers. 
Burns ( 3 ) described the use of a pair of engineer ' s outside meas-
uring calipers for separating the wool fibers at the' margins of a one-half 
inch square area. Since then various workers, Nordby (14), Due'rden 
(8), Burns (4), and Wildman (16) have described various modifica-
tions of calipers for measuring density . With detailed studies of a 
Cheviot and Border Leicester ewe, Burns (5) r eported the sampling 
error accuracy of the W yedesa caliper in the determination of wool 
density from one-half inch square areas as follows: 
Cheviot ewe-207 fibers . 
Border L eicester ewe-292 fibers. 
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Burns also reported a sampling errol'l of 24 5 fibers per square centi-
meter for the W yedesa caliper. This number represents an average of 
four side samples taken from three Lincolns, three Corriedales, three 
Hampshires, and three Southdowns. 
Burns (5) compared the W yedesa fleece caliper with manual 
delination of skin areas and found that the Wyedesa method was much 
more accurate. 
Hardy (10) de'scribed a simple method of determining fleece dens-
ity . U sing a clipper with a cutting width of from one to two inches, 
a swath from four to five inches in length is sheared from the sheep. 
The length and width of the clipped area is measure'd and the total 
area calculated. The amount of clean wool in the sample is deter-
mined and from this the density is calculated. The authors are not 
aware of any publishe·d information pertaining to the accuracy of this 
method of determining density . 
Carter (7) r eported an improved histological method for deter-
mining density. This method requires the removal of small sections 
of skin from the body of the sheep. The method is adaptable to any 
r egion of the body, the site' for the removal of the skin snipping de-
pending on the aim of the investigator. It is interesting to note that 
this latest method to be r eported is essentially aft improvement on the 
first attempts of N authusius to me'asure density 73 years earlier. The 
site is prepared by close shearing with 0000 clippers. Excess yolk i 
r emoved by swabbing with ether. A small piece of skin is removed 
from the area and prepared for microscopic examination. Counts of 
the fiber population are made under an ordinary microscope with a 
special adaptation delimiting an area exactly one square centimeter in 
ext ent. This method seems to offer considerable possibility in density 
determinations, but additional work is nee'ded to t est its accuracy. 
At the present time, additional work should be undertaken with 
the more promising methods of determining wool density to test the 
accuracy of these various methods. This is particularly true' with refer-
ence to more detailed fleece studies with various breeds, in studies of 
inheritance, and in progeny testing. It was with this obj ect in mind 
that a study was made to compare' two methods of sampling for fl eece 
density . The two methods used were : (A) sampling with the Wira 
caliper, this instrument being a slightly modified form of the Wyedesa 
caliper, and (B) , the method suggested by Hardy (10) , in which a 
large clipper was used. These methods will be referred to as methods 
A and B. 
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Material and Methods 
Animals used 
The sheep used in this study were ten purebred Rambouillet 
breeding ewes from the flock of the Utah State Agricultural College. 
Five ewe's were selected at random from the two-year-old and five 
from the three-year-old ewes. All ewes were kept under the same 
conditions of feeding and housing. 
Sampling procedure 
Two methods of sampling were employed. In method A, the Wira 
caliper (fig. 1) was used. This caliper is essentially a vVyedesa caliper 
2 
3 
Fig, 1. Equipment used in sampling by Method A. (1) Post for inserting 
through caliper. (2) Scissors. (3) Wira caliper. 
that has been mechanically improved. These improvements consist of 
a reshaping of the handles to increase the ease with which the' calipers 
can be inserted into the fleece and the addition of a knurled screw that, 
when tightened, prevents the width setting of the caliper from chang-
ing during the' sampling operation. In method B, a 000 electric clipper 
with a 134 -inch cutting blade (fig. 2) was used. A pair of dividers 
which opened and shut by screw action was used to measure the sam-
pled area. This is not identical to the method described by Hardy 
(10), but is similar in that a relatively large area is she'ared and used 
in determining density. In locating the areas to be sampled, an imagin-
ary line from the point of the shoulder j oint of the scapula and 
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Fig, 2, Obtaining a sample by Method B. 
F ig, 3, Showing the areas sampled, 
humerus bones was extended, parallel to the back bone, for the length 
of the body of the sheep. Three regions designated as mid-shoulder, 
mid-side, and mid-thigh were located for sampling on this line, ( fig. 3) . 
Two observe'rs each took duplicate samples for each method from 
the three body regions of th e t en sheep used in thi,s study. This made 
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a total of eight samples taken from each body area of the sheep. The 
order of sampling was completely randomized between observers be-
fore the samples were taken. 
For sampling, the sheep were secured in an appropriate position 
(lying on the right side with the fore and hind feet tied) in the sam-
pling crate. The fleece was parted in the proper location, and the 
caliper or clipper inserted at right angles to the part. The caliper 
used in method A was set to take one' square centimeter samples. In 
method B a swa1h of wool approximately two and one-half inches long 
was clipped on a line parallel with the back of the sheep. After the 
removal of the sample, the width of the clipped area was ca.refully 
measured at three points and the length at two points. 
Preparation of samples 
Scou1'ing: For scouring the samples a method similar to the com-
mercial emulsion process wa~ used, followed by recleaning by the' sol-
vent process. In the emulsion process the following order of vats was 
used: 
Vat 1. One-half ounce of textile soda (sodium carbonate) to 
eight quarts of water, temperature 120 0 F. 
Vat 2. One-half ounce of textile soda and four ounces of 
neutral textile soap to e'ight quarts of water, temperature 120 0 F. 
Vats 3 and 4 . Water only, temperature 100 0 F. 
The samples taken by method A were enclosed in 16-mesh wire 
to prevent the loss of any fibers and were put through the scouring 
vats in the order indicated above. The samples removed by method B 
were treated similarly with the exception that the wool was placed in 
small muslin bags to prevent loss of fiber. Following this the extra-
neous matter such as chaff, sand, hay, leaves, etc. was removed by 
tearing the fibers apart with the fingers. To remove any wool fat that 
might have been adhering to the wool after the emulsion process, the 
samples were recleaned with du-bon tetrachloride. 
Counting: Preceding the actual counting each sample was divided 
into several zones or portions, following the method described <by Burns 
and Mille'r (6). In method A the samples were divided into 16 por-
tions and from each portion a small wisp of fibers was drawn and these 
all combined to make a composite sample, from which 100 fibers were 
counted. The samples obtained by method B were divided into 32 
portions. A wisp of fibers was taken from e'ach portion and combined 
to make a composite sample. Two such composite samples were pre-
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pared from each sample and 100 fibers counted from each . These two 
100-fiber bundJes were' then combined into one 200-fiber bundle. 
Conditioning and W eighing: The dry weight of the small samples 
was det ermined in glass weighing bottles. The larger wool samples 
obtained with the clippers were we'ighed in tinned iron weighing boxes . 
Before weighing the wool samples the dry weight of the empty weigh-
ing containers was det ermined by placing them in the drying oven 
(heated to 110° F .) for three hours, after which they were removed 
and placed in the dessicator to cool for one hour and forty-five minute's. 
Following the cooling, the weights of the empty bottles were deter-
mined. The samples were then put into the' weighing containers and 
subj ected to the same conditions of drying, coolin o., and weighing as 
.i ust described, and the dry weight det ermined . 
Calculating nurnbe1' of fi bers pe1' unit a1'ea: From the dry weight 
of the samples obtained in method A, the number of fibers was calcu-
lat.ed from the following equation : 
N = Wt x 100 
W 
in which Wt = total weight of sample including the 100 fibers, W = 
weight of 100 fibers, and N = number of fibers in entire sample. This 
r esult g ives the number of fibers p er one square centimeter of skin 
surface. 
The calculations for method B were done in a similar manne'r 
except that 200 was used in place of the 100 indicated in the above 
equation. The number obtained was then r educed to number of fibe'rs 
p er square centimeter by dividing' by the area from which the sample 
was obtained . 
Data and Discussion 
The average den sity of each pair of duplicate samples obtained 
is shown in table 1. D ensity is expressed as the number of fibers p er 
square centimet er . The average density of all samples obtaine'd was 
3,736 fibers, the range being from 1,918 to 7,176 fibers . 
Differ ences between sheep and between areas on the same sheep 
are incidental to the main obj ect of this study, except as the two 
methods may differ in their accuracy under different conditions. They 
are included in the analysis for completeness, and the r esults in tables 
2, 3, and 4 show that these were both highly significant sources of varia-
tion in the animals studied . These results emphasize the fact that 
there is much variation in density between areas and between she~p in 
Sheep 
number 
8004 
8010 
8022 
8026 
8063 
9010 
9023 
9036 
9058 
9060 
Average 
Table 1. Summary of data obtained on numbers of fibers per square centimeter 
Shoulder Side Thigh 
Method A I Method B Method A I Method B Method A I Method B 
Observer I Observer I Observer I Observer 
1 2 1 2 
Observer I Observer I Observer I Observer 
1 2 1 2 
Observer I 0 bserver I 0 bserver I Observer 
1 2 1 2 
3,865 4,295 4,341 4,246 3,969 2,336 2,664 . 2,702 3,423 2,860 3,510 4,219 
3,384 3,972 3,424 4,398 2,786 2,568 2,492 2,679 3,248 3,218 3,580 4,028 
3,220 2,720 2,696 2,854 2,716 2,643 2,846 3,080 2,820 2,464 3,954 3,816 
4,072 4,466 3,926 5,069 4,010 3,647 3,565 3,494 4,225 4,592 5,246 5,954 
2,852 3,908 3,402 3,509 3,01l 2,932 2,972 2,684 4,094 4,060 2,909 3,702 
3,426 3,366 5,061 5,152 3,739 2,871 4,640 4,718 3,789 4,048 4,901 5,466 
2,172 2,786 2,758 3,124 2,530 2,154 2,230 2,126 1,918 2,008 2,470 2,660 
3,280 3,983 3,134 3,990 2,671 3,376 2,977 3,722 3,149 3,009 2,629 3,512 
4,000 4,216 5,670 5,202 2,872 2,762 4,618 4,370 3,818 4,156 5,813 6,992 
4,274 5,654 5,590 6,299 4,220 4.350 5,478 5,564 4,024 4,505 6,803 7,176 
3,454 3,937 4,000 4,384 3,252 2,964 3,448 3,517 3,451 3,492 4,182 4,752 
I 
.. 
~ 
o 
c 
'"' 
;.. 
;I: 
rn 
'"' 
;.. 
'"' (5 
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td 
~ 
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the same area, even in a carefully selecte'd group of purebred nne-wool 
sheep. The differences between areas are summarized below : 
Shoulder Side Thigh 
Method A 
Observer 1 ........ .... ... --_ ......... - ......... _-- ............. --- - 3,454 3,252 .3,451 
Observer 2 .. ... ... - .... --_ ... __ ............ __ ... __ ... _---_ .. 3,937 2,964 3,492 
Average ... ............ ... ...... _-------_ ............. ... ......... - ... ........ .. 3,696 3,10 8 3,472 
Method B 
Observer 1 ......... ----- .. ......... --------- - ... .. - ... ...... 4,000 3,448 4,182 
Observer 2 - - ... - ...... _ ......... ... .. -... _-- ... -... _- ..... -.. -- 4,384 3,517 4,752 
Average -_ ... _--- --_ ......... __ ... _---_ ...... _--_ ... _--- 4,192 3,482 4,467 
Average _ ... _-----_ ........ -- .. --- -_ ...... _------ .. ---_ ... _--- ... 3,944 3,295 3,970 
With method A the shoulder area was found to be the most dense, 
followed by the thigh and side, while with method B the thigh area 
was found to be the most dense, followed by the sho.ulder and side. 
These re'sults are not in agreement with those of Burns (5), who found 
the shoulder to be the most dense, followed by the side and thigh . Two 
reasons for the discrepancies appear. Burns made his studies with 
rams and they were sample'd in an upright position. The animals in 
the present study were ewes heavy with lamb, and were placed on 
their sides to obtain samples. This resulted in some stretching of 
skin which may e'xplain the fact that the side appeared less dense 
than either the shoulder or thigh when sampled by both methods A 
and B. The discrepancy between the shoulder and thigh areas when 
sampled by the two methods may be owing to greater wrinkling of 
the skin observed in the thigh area. With method B the skin would 
be flattened out as the area was sheared, then wrinkled again, so that 
the' area measured would be somewhat smaller than the area ()f skill 
sheared. This would make the density appear higher than it actually 
was. Insertion of the caliper in method A would tend to flatten the 
skin, also, but the size of the area clipped would be determined on 
this flattened skin. For this reason it appears that method B may not 
give as dependable' results as method A when used on areas where the 
skin is wrinkled. 
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Table 2. Analysis of va1'iance faT method A 
Source of variance 
Degrees of 
freedom 
Sheep __________ __ ___________________ _____ __ 9 
Location __________________________ __ ____ 2 
Sheep' x location __ .________ _______ 18 
First error term __ .. ____ __ ___ .___ ___ 90 
Observer __ . __ __________ __ ___________ .___ 1 
Observer x sheep ____________ ._____ 9 
Observer x location ______________ 2 
Observer x sheep x location 18 
Error term ____ ___________ . __ ___ . ___ ._ 60 
Total ______________________________ . _______ 11~ 
Sum of 
squares 
4,345.97 
736.02 
849.98 
3,527.50 
19.19 
364.97 
302.16 
323.18 
2,518.00 
9,459.47 
Variance 
482.88 
368.01 
47.22 
39.19 
19.19 
40.55 
151.08 
17.95 
41.97 
F 
Value of F required 
where P equals 
0.05 0.01 
12.32 
9.39 
1.20 
1.98 2.62 
3.10 4.85 
1.72 2.15 
2.19 252.00 
1.04 2.79 
3.60 3.15 
2.34 2.02 
6,310.00 
4.49 
4.98 
2.75 
Table 3. Analysis of va1·iance f01' method B 
Value of F required 
Degrees of Sum of where P eql;lals 
Source of variance freedom squares Variance F 0.05 0.01 
Sheep -.---. -- -- ------------ ------- -------- - 9 6,260.19 659.57 57.49 1.98 2.62 
Location 
--- -- --. ----- -----------.----- -. 2 844.32 422.16 34.89 3.10 4.85 
Sheep x location 
------------------
18 659.97 36.60 3.03 1.72 2.15 
First error term 
--------------------
90 1,088.76 12.10 
Observer --- --- ------------------- ---- --- 1 144.88 144.88 12.36 4.00 7.08 
Observer x sheep -- ---------- ------ 9 64.02 7.11 1.65 2.79 4.49 
Observer x location 2 34.41 17.20 1.47 3.15 4.98 
Observer x sheep x location 18 142.16 7.90 1.48 2.02 2.75 
Error term ___ _______ ___ . ____ .. ____ .... __ 60 703.29 11.72 
Total 
------------ --------.-.---- --- ---- -.-- 119 8,853.24 
Table 4. Analysis of va1'iance for. methods A and B 
Value of F required 
Degrees of Sum of where P equals 
Source of variance freedom squares Variance F 0.05 0.01 
Sheep -----------.-------------------------- 9 6,823.87 758.20 29.60 1.92 2.50 
Location -----.-----.-------------------- 2 951.11 475.55 18.56 3.04 4.71 
Sheep x location ------------ -.---. 18 667.93 37.11 1.45 1.65 2.03 
First error term __ ____ .. ____ ... ____ . 210 5,378.56 25.61 
Method 
-- -. ----- ---- -- --------------- ---- 1 1,025.06 1,025.06 76.67 3.90 6.78 
Observer 
_._ ----- -------------- --------.- 1 109.62 109.62 8.20 3.90 6.78 
In teractions: 
Method x sheep ___ __ _____ . __ ______ . 9 1,268.46 140.94 10.54 1.93 2.51 
Method x location __ ______________ 2 185.89 92.94 6.95 3.05 4.72 
Method x observer 1 42.17 42.17 3.15 3.90 6.78 
Observer x sheep __ .............. __ 9 155.01 17.22 1.29 1.93 2.51 
Observer x location ____ ....... ___ 2 118.86 59.43 4.44 3.05 4.72 
Higher order interactions ____ 185 2,473.49 13.37 
Total _________________ __ __ . ___ _____ . __ ... __ 239 13,821.47 
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The results obtained by method A indicate the calculated fleece 
density between body locations sampled was consistent on all sheep 
(table 2). Results from method B, however, show a highly significant 
interaction between locations and sheep (table 3), indicating that vari-
ation between body locations sampled was not consistent on all the 
sheep when method B was used. In the combined analysis of variance 
shown in table 4, the interaction between body locations and sheep was 
not significant, indicating that the variation between the body locations 
sampled was consistent in all sheep. This apparent lack of a signifi-
cant interaction in the combined analysis is owing to averaging of 
different results from the two methods, hence in this case' emphasis 
should be placed on the analysis of the individual methods. 
Other results summarized in table 4 show that there is a signifi-
cant difference in density as determined by the two methods. The 
density of all samples, as determined by the two methods, is shown 
below: 
Observer 1 
Observer 2 ....................................... . 
Average ........ ... .................................. . 
Method A 
3,386 
3,464 
3,425 
MethodB 
3,877 
4,2 18 
4,047 
The average density as determined by method B was 622 fibers 
per square centimeter greate'r than when determined by method A, and 
both observers obtained higher figures by method B. The discrepancy 
which would result from wrinkling of the skin has already been dis-
cussed, and this may be the explanation for the difference in levels of 
the two methods since wrinkling of the skin would tend to give higher 
values for method B than for method A. 
Data in tables 2 and 3 show that the variation between observers, 
which is shown to be significant in table 4, results from the' large vari-
ation between observers in method B. The data for method A indicate 
that differences between observers were not significant. This demon-
states that there is less variation between the individuals sampling the 
sheep with method A than with method B. The differences in levels 
of observers are shown below: 
Method A 
Method B 
Average ........ , ..................................... . 
Observer 1 
3,386 
3,877 
3,632 
Observer 2 
3,464 
4,2 18 
3 ,841 
Observer 2 obtained results that averaged 78 fibers per square centi-
meter more with method A, and 341 with method B, or 209 for both 
methods than did observer 1. Data in tables 2 and 3 show that in both 
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instances the interaction between observers and sheep was not signifi-
cant, indicating that the variation of results from each observer tended 
to be consistent on all of the sheep sampled. The interaction between 
observers and locations, shown in tables 2 and 3, is not significant for 
method B, while for method A the variation is highly significant, indi-
cating that the variation in results due to observers was not consistent 
for each location sampled. 
In method A the higher order interaction betwe'en observer, sheep! 
and location approached the highly significant figure, but was not sig-
nificant in method B. 
One possible measure of the accuracy of the two methods, as 
determined by the consistency with which they can be used, would be 
the necessary difference in numbers of fibers per square centimeter 
between locations (or sheep, or observers) to demonstrate a significant 
difference. These figures are shown below for the levels of significance 
where P = 0.05 and 0.01 : 
Method A 
0.05 0.01 
Location _____ _______ ___ ___________________ 290 385 
Sheep ______________________________________ 529 
Observer __________________________________ 237 
703 
315 
Method B 
0.05 0.01 
237 315 
433 
194 
l>76 
258 
These figures are based upon the "t" test described by Fisher (9). At 
the level of significance where P = 0.01 , the differences in favor of 
method Bare 70, 127, and 57, respectively, for differences between 
areas, sheep, and observers. The more consistent results obtained by 
method B re'sults, in all probability, from the larger size of the area 
sampled. This difference in size of samples is inherent in the methods. 
The preceding discussion has brought out the fact that the 
accuracy of a method may be measured in various ways. Results indi-
cate that method A gives more consistent results when used in differ-
ent areas, and that it may give more consistent results when used by 
different observers. If method B is being used, and if various ob-
servers are working at different times, the'se results indicate the need 
of determining if differences in levels exist between these observers, 
and if so, to make the necessary corrections in the data. However, 
observations obtained by method B are slightly more consistent than 
those obtained by method A, when judged by the difference in number 
of fibers necessary to show a significant difference between observers, 
she'ep, or locations. As has already been pointed out, this is probably 
owing to the larger size of sample taken by method B. Results ob-
tained by a given method may be' consistent, yet not give a true picture 
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of the character being measured. The results indicate that method B 
gives figures for density that appear to be higher than they should be, 
but in a problem of this kind, it is extremely difficult, if not impossible, 
to determine the true density for use as a standard. It is obvious from 
the results obtained that at least one of the methods is giving results 
which differ from the true density. 
The re'sults obtained in this study indicate that either method A 
or B can be used with a fair degree of accuracy, and the method 
selected for use may depend upon the type of problem being studied. 
Such problems can be divided into thre'e general classes: (1) measur-
ing gross differences between sheep or groups of sheep, (2) measuring 
variations between areas in the individual fleece, and (8) me'asuring 
variations within specific areas on the sheep. Because of the size of 
sample inherent in method B, it would not be' feasible to use it in 
studies of the latter type. 
There is an obvious need for further work on this problem in 
order to develop new methods or perfect old one's to the point where 
more consistent results can be obtained, and to obtain measures of 
density that represent the true density of the' fleece. The need for 
thorough checking of all techniques used in measuring characteristics 
of wool, or in any measures of performance in livestock, cannot be too 
strongly emphasized. Many te'chniques have been developed and used, 
but few have been tested to determine their accuracy. This lack of 
adequate testing of methods can easily result in inaccurate results, as 
has been demonstrated by the results reported in this bulletin. 
Summary 
Density of the fleece is defined in various ways. In this study 
it is defined as the number of wool fibers per unit of skin area. 
The various methods that have been deve'loped for measuring 
density are reviewed briefly and results of a study of the accuracy 
of two methods are presented. These methods involve the use of (A) 
the Wira caliper, in which a small area of predetermined size is sam-
pled, and (B) a clipper which removed a larger area that was meas-
ured after removal of the sample. Procedures for sampling, scouring, 
counting, conditioning, and weighing are outlined in detail. Statistical 
analysis was made by the analysis of variance technique'. 
The results indicate that both methods may be used with a fair 
degree of accuracy. :Method A was more consistent when used on dif-
ferent areas of the sheep, and results by two observers agreed more 
closely than when method B was used. Also, wrinkling of the skin 
seemed less likely to distort estimates of density obtained by method 
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A. On the other hand, more consistent results may be expected from 
method B because smaller differences were required to indicate a sig-
nificant difference between sheep, locations, or observers. This is prob-
ably owing to the larger size of the area sampled by method B. 
There is a definite need for further studies of methods of measur-
ing density, in order to develop improved techniques. Coincident with 
such developments, studies of accuracy must be' carried out in order 
to determine if real improvements in accuracy are resulting from these 
developments. 
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